An updated compilation of 300 E.coli mRNA promoter sequences is presented. For each sequence the most recent relevant paper was checked, to verify the location of the transcriptlonal start position as Identified experimentally. We comment on the reliability of the sequence databanks and analyze the conservation of known promoter features In the current compilation. This database Is available by E-mail.
INTRODUCTION
We present an extensive compilation of E. coli mRNA promoter sequences, based on experimentally identified transcriptional start positions . Previous compilations of E.coli promoter sequences (201) (202) (203) comprise one of the most extensively studied datasets of sequences with a common function. These sequences have been used in studies attempting to extract sequence dependent features that correlate with promoter function (204) (205) (206) (207) and with its specific recognition by RNA polymerase (208) (209) (210) . In many studies, E.coli promoter database has been used as a test case to evaluate the efficiency of various algorithms aimed to identify consensus sequences (211 -215) . Our interest is in identifying sequences dependent characteristics that correlate with promoter function. For such computational studies, based on sequence data alone, the accuracy of the sequence data is essential. We therefore carried out a careful screening of the databanks and relevant literature and organized an expanded and updated database of experimentally identified mRNA transcriptional start positions and their corresponding promoter sequences, to be used in further studies. We believe that this updated database of E.coli promoter sequences will be useful to other researchers as well. The sequences can be obtained by E-mail upon request to HANAH@HUMD2.HUJI.AC.IL
COMPILATION PROCEDURE
The compilation includes 300 DNA sequences extracted from Genbank release 71 and EMBL release 30. For every mRNA promoter the relevant paper was checked to verify that the transcriptional start position as annotated in the databanks had been determined experimentally. When there were recent papers on promoters reported in previous compilations (202) (203) , or in previous versions of the databank, we checked if a more accurate identification procedure of the transcriptional start position had been carried out, and, when necessary, put in the appropriate corrections. Most of the promoters had been identified either by SI nuclease or primer extension mapping strategies. For some promoters, sequencing of the mRNA or in vitro determination of the transcript size had been performed. In cases where there were previous SI nuclease mapping and more recent mapping by primer extension, we referred to the position determined by the last procedure. When there were discrepancies between the literature and the information in the databanks, we used the information from the literature.
The sequences listed in Fig. 1 are aligned by the transcriptional start positions (indicated by lower case letters), and extend from -75 to +26 relative to the transcriptional start position. In sequences with several identified start positions, all the positions indicated in the experimental paper were marked, and the most prominent one was used for the alignment. Where no major start position was proposed in the experimental paper, the alignment was done by one nucleotide, preferably A. The sequences are listed alphabetically by the promoter name. Usually, the name of the promoter indicates the name of its gene. In several cases, the experimental papers assign to promoters names with no reference to their genes. These names were used in the compilation and are marked by a ~. Also listed are the corresponding references and the transcriptional start positions on E.coli chromosome in centisomes. Locations in centisomes are based on the file EcoSeq5 that contains the E.coli genes and their locations on the chromosome in base pairs (216) . To get the centisome coordinates we divided each location in 46722 (1 % of the genome size in EcoSeq5).
COMPILATION REMARKS
The ultimate goal of the sequence databanks is to serve as reliable sources of information regarding biological sequences. It should be possible to automatically extract sets of sequences of interest from the databanks and use them as databases for statistical and computational analyses, aimed to reveal new biological and structural facts that are encoded in the sequence. While generation of such databases is technically easy, we found that their reliability is not satisfactory. Especially, we would like to consider two points. The frequencies (in %) of the four nucleotides A,C,G,T in each of the consensus positions is tabulated. For this calculation the promoter sequences, selected as described in the text, were aligned. Frequencies are reported for the whole database (298 sequences, as 2 sequences missed the region upstream from the transcriptional start position), and for three groups distinguished by the length of the spacer between the -35 and -10 regions. In parentheses are the numbers of sequences in each group. For each compilation the degree of conservation (in%) of the consensus nucleotides is tabulated. Note that the three compilations used different procedures for promoters alignment. Degrees of conservation in Hawley's and McClure's compilation (202) are based on 112 promoters and taken from O'Neil's calculations (208) . Degrees of conservation in Harley and Reynolds' compilation are taken from that report and based on 263 promoters (203) . These two compilations include all promoters of E.coli and its phages known at the time. Degrees of conservation in the current compilation are based on 298 mRNA E.coli promoters (updated to October 1992). Frequency is expressed in absolute numbers (out of a total of 298 promoters).
Frequency is expressed in absolute numbers (out of a total of 298 promoters).
Duplicated sequences
The routine sequence analysis computer programs enable automatic extraction from the databanks, by searching for a specific query, such as the annotation for mRNA start site.
Analyses based on such datasets may be biased, as the databanks include many duplications. The same gene and the same promoter may appear more than once under different code names and accession numbers, if reported to the databank by more than one research group. Therefore, at the present state of the databanks, generation of a sub-database out of a sequence databank must be accompanied by a search for and exclusion of duplications.
Gene features
The information in the databanks includes the locations of various gene features. In several cases, we found inaccuracies in the locations reported in the bank, in comparison to the experimental paper. In some cases the indicated locations were based on sequence data alone and not on experimental evidence. Another drawback regards updates of the gene features based on more recent procedures. For example, we ran into transcriptional start positions that were identified initially by SI nuclease mapping and more recently by primer extension, resulting in different allocations, that are not reported in the databank. Therefore, to have the databank reliable and up to date, it may be necessary in the future to report not only newly discovered sequences and their features, but also newly identified gene features.
SURVEY OF PROMOTER SEQUENCES
Two consensus hexamers have been identified in E.coli promoters, TTGACA located about 35 base pairs upstream from the transcriptional start position (the -35 region), and TATAAT located about 10 base pairs upstream from the transcriptional start position (the -10 region), with an average separation of 17 nucleotides between them (201) (202) (203) . The sequences in the current compilation are aligned by the experimentally identified transcriptional start positions. The promoter sequences upstream to these positions are not marked to allow unbiased use of this data in future analyses. Nevertheless, we performed several statistical analyses on the data to examine the conservation of the consensus hexamers and the spaces between them. In the first extensive promoter compilation (202), Hawley and McClure searched for sequences that matched best the two consensus hexamers determined previously, TTGACA and TATAAT with a separation of 15-21 nucleotides between them. The best matches, with the space between the two hexamers closest to 17 were preferred. Several of the consensus nucleotides were identified as highly conserved, relative to others. The frequencies of the consensus bases in that compilation were used in subsequent analyses (203, 206) as weighting factors for different positions within the consensus.
For an unbiased allocation of the -35 and -10 regions in the sequences of the current database, we used a procedure that is similar to the one used by Hawley and McClure in their compilation (202) . By this procedure we searched for the best match to the 12 consensus nucleotides, treating each position equally. We selected first regions with the highest degrees of similarity to the 12 nucleotide consensus, with a separation of 15 -19 base pairs between the two hexamers. Different allocations that had equally high matches to the consensus were ranked according to several hierarchical criteria: 1) Homogeneous conservation in the two regions was preferred to a high conservation in one region and a low conservation in the second region. 2) Sequences with a space of 17 were preferred and spaces of 16 and 18 were chosen secondly.
3) Spaces of 6-8 nucleotides between the transcriptional start position and the -10 hexamer were preferred. Table I demonstrates the distribution of bases in consensus hexamers based on this procedure. The conservation of consensus bases is very clear, though the degrees of conservation per position are somewhat different than in previous compilations, as demonstrated in Table II There is a high frequency of sequences with a space of 17 nucleotides among the sequences with best matches to the 12 nucleotide consensus, as demonstrated in Table in , with a symmetric distribution around it. When the sequences are divided according to the spacer length and the degree of conservation is compared between the different compilations, the same trend is seen. The positions that were found to be very strongly conserved in the two previous compilations show a lower degree of conservation in the current compilation in all space groups.
Because of the increase in conservation in some positions and decrease in others, the average conservation does not change much in comparison to the other compilations. O'Neil (208) calculated the average conservation in Hawley and McClure's compilation to be 8.2 conserved nucleotides per promoter, and we find in the updated database of mRNA promoter sequences an average conservation of 7.9 nucleotides. However, as is demonstrated in Table IV , there are promoters that match the consensus in only about half the nucleotides and they serve successfully as the sites for transcription initiation. Conceivably, the RNA polymerase recognizes a specific configuration of the promoter that is dictated by the sequence but does not require complete conservation of the nucleotides. The compiled database may be used to reveal such sequence dependent characteristics in E.coli promoters. and sequences, and Yael Altuvia for her help in sequence analysis. This study was supported by the Israeli Cancer Research Fund.
